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A new method is described for collecting traces of copper from 
aqueous solution by precipitation as the DDTC complex and coprecipi-
tation of this with microcrystalline naphthalene. The coprecipitate of 
the complex and the naphthalene is collected, dried, and dissolved in 
dimethylformamide, and the trace copper is determined spec~rophotome­
trically at 437 nm. The working range of 3-52 ~g /10 ml gives a linear 
calibra.tion. The molar absorptivity is 2.5xl0 4 l'mol-l'cm-l , the sen-
sitivity being 5.lxlO-3 ug/cm2 for the absorbance of 0.001. The rela-
tive standard deviation for ten determinations was 0.35%. The other 
effects of varying pH, amount of reagent, naphthalene or buffer, shaking 
and standing time, and diverse alkali metal salts or metal ions have 
been investigated. 
1 Introduction 
In recent years, sodium diethyldithiocarbamate(DDTC) has been widely 
used for the solvent extraction and atomic absorption spectrophotometric 
determination of many heavy metals. 
We have developed a useful spectrophotometric method for the deter-
mination of trace metals after separation by coprecipitation of these 
complexes with microcrystalline naphthalenes. With this method, we 
found that many metal complexes can been easily and quantitatively col-
lected on very small naphthalene crystals by slight shaking for a few 
seconds at room temperature. In the present study, DDTC was selected 
as a useful complexing agent for the determination of trace copper. 
This reagent reacts with copper to form a water-insoluble yellow complex 
over the pH range of 3.5-10.5. This complex is easily coprecipitated 
with microcrystalline naphthalene. After separation crystalS from 
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aqueous solution, they are dissolved in dimethylforrnamide, and the trace 
amounts of copper are determined spectrophotometrically. 
2 Experimental method 
2.1 Reagents 
Standard copper solution, 5 ppm. prepared by diluting standard 
copper solution(lOOO ppm, Wako Pure Chemical Industries, Ltd., Osaka, 
Japan} to 1000 mi with water. 
DDTC solution, 0.2%. Prepared by dissolving 0.2 9 of DDTC in 100ml 
of water. 
Buffer solutions were prepared by mixing suitable amounts of 1M a-
cetic acid and 1M ammonium acetate for pH 3-6, or 1M aqueous ammonia and 
1M ammonium acetate for pH 8-11. 
Naphthalene-acetone solution, 20%. 
naphthalene in 100 ml of acetone. 
Prepared by dissolving 20 g of 
Acetone, naphthalene, dimethylformamide and all other reagents were 
of analytical-reagent grade, and were used without further purification. 
2.2 Apparatus 
A Hitachi Model 200-20 double beam spectrophotometer was used for 
the absorbance measuerments with 10 mrn glass cells. 
The pH measurements were made with a Toa Oempa, HM-5A, pH meter 
equipped with combined calomel and glass electrodes. 
2.3 Procedure 
Transfer about 45 ml of sample solution containing 3-52 pg of copper 
to a tightly stoppered Erlenmeyer flask, add 1.0 ml of 0.2% DOTC so-
lution and adjust the pH of the solution to 5.2 with 2.0 ml of the buffer 
solution. Mix the solution well and digest for 5 min, Add 2.0 ml of 
20% naphthalene-acetone solution and shake it vigorously for 30 sec. 
Collect the colored naphthalene mixture on a funnel with disc shaped 
filter(filter paper, No.5C, Toyo Roshi, Co.) or glass filter( No.2 or 3). 
Wash with water and dry in a dryer if necessary. Then dissolve in DMF 
and dilute to 10 mI. Measure the absorbance of the solution in a glass 
cells against the reagent blank prepared similarly. Calculate the a-
mounts of copper{ll) from a calibration curye. 
3 Results and discussion 
3.1 Absorption spectra 
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Nickel in the sample solution containing 25 pg of copper and 1.0 ml 
of 0.2% DDTC solution was adsorbed on microcrystalline naphthalene as 
copper-DDTC complex at pH 5.2. The adsorbed mixture of the complex and 
naphthalene was dissolved in DMF. The absorption spectra of the so-
lution was measured at various wavelengths in the range of 320 to 500 nm. 
Figure I shows the absorption spectra of the reagent blank and the copper 
complex in naphthalene-DMF solution against water. The copper complex 
has a absorption maximum at 437 nm. The reagent blank shows negligible 
absorption above 350 nm. Therefore, all the absorbance measurements 
were made at 437 nm for the further study. 
3.2 Effect of pH 
The effect of pH on the absorbance of the copper complex was examined 
as shown in Fig.2. The pH values of the solution after adsorption were 
measured at room temperature. The adsorption of the complex starts from 
pH 0, increases with increasing pH, reaches to the maximum at pH 4.0, 
and then becomes constant beyond this pH. Therefore, the pH of the so-
lution was adjusted to 5.2 for the further study. 
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FIG. 1 ABSORPTION SPECTRA OF DDTC AND COPPER 
COMPLEX IN NAPHTHALENE-DMF SOLUTION 
Cu : 25 ~G ; 0.2% DDTC :1.0 ML ; pH : 5.2 ; 
SHAKING TIME: 1 MIN; STANDING TIME: IO MIN 
REFERENCE: WATER; (I) REAGENT BLANK, 
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FIG. 2 EFFECT OF pH 
pH 
Cu : 25 ~G ; WAVELENGTH: 437 NM j 0.2% DDTC : 
1.0 ML j DIGESTION TIME: 5 MIN j 20% NAPHTH-
ALENE: 2.0 ML ; SHAKING TIME: 30 SEC 
REFERENCE : REAGENT BLANK 
3.3 Effect of reagent concentration 
Varying volumes of 0.2% DDTe solution were added to the sample so-
lution containing 25 pg of copper at pH 5.2. The adsorption of the 
complex was carried out according to the recommended procedure. Figure 3 
shows the effect of the addition of DDTe on the absorbance. From this, 
the absorbance increases with increasing amounts of DDTe up to 0.2 ml of 
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0.2% DOTe solution and then remaines almost constant between 0.2 and 5.0 
mI. Therefore, 1.0 ml of 0.2% DOTe solution was added for the further 
study. 
3.4 Effect of buffer solution 
Varying amounts of the acetate buffer solution{pH 5.2) were added to 
the sample solution containing 25 ~g of copper and 1.0 ml of 0.2% DOTe 
solution, and the adsorption of the complex was carried out according to 
the recommended procedure. From the experimental results, 1.0-5.0 ml 
of the buffer solution gave no change in the absorbance. Therefore, 2.0 
ml of the buffer solution were added for the further study. 
3.5 Effect of digestion time 
The copper complex in the sample solution was stood and digested at 
room temperature, and the effect of digestion time on the absorbance was 
examined. The result obtained is shown in Fig.4. As shown in Figure, 
the changes in digestion time up to 25 min had no marked effect on the 
absorbance. Therefore, 5 min of digestion time were selected for the 
further study. 
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FIG. 3 EFFECT OF REAGENT CONCENTRATION 
CU : 25 pG ; pH : 5.2 ; DIGESTION TIME : 
5 MIN; STANDING TIME: 15 MIN 
REFERENCE : REAGENT BLANK 
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FIG. 4 EFFECT OF DIGESTION TIME 
25 
CU : 25 )JG ; pH : ,5.2 ; 0.2% DDTC : 1.0 ML ; 
WAVELENGTH : 437 NM; SHAKING TIME : 30 SEC 
REFERENCE : REAGENT BLANK 
3.6 Effect of naphthalene concentration 
Various volumes of 20% naphthalene-acetone solution were added to 
the solution containing the copper complex, and the effect of addition 
of naphthalene solution on the absorbance was investigated between 0 and 
3.0 mI. The result is shown in Fig.5. Therefore, 2.0 ml of 20% naph-
thalene solution were suitable for th~ quantitative adsorption. 
3.7 Effect of shaking time and standing time 
The mixture of the copper complex and naphthalene in the solution 
was vigorously shaked at room temperature. Figure 6 shows the effect 
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of shaking time on the absorbance. From this experimental result, the 
absorbance of the complex was almost constant by vigorous shaking above 
several sec. Therefore, 30 sec of shaking time was sufficient for the 
complete adsorption of the complex. 
The adsorbed naphthalene crystals were dissolved in DMF and the ef-
fect of standing time on the absorbance was investigated. The copper 
complex in naphthalene-DMF solution was very stable in some hours. 
Therefore, 15 min were selected for the further study. 
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FIG, 5 EFFECT OF NAPHTHALENE CONCENTRATION 
CU : 25 JjG ; pH : 5,2 ; 0.2% DDTC : 1.0 ML ; 
WAVELENGTH : 437 NM ; DIGESTION TIME: 5 MIN 
REFERENCE : REAGENT BLANK 
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FIG, 6 EFFECT OF SHAKING TIME 
2,5 
Cu : 25 JJG pH: 5,2 ; 0.2% DDTC : 1,0 ML ; 
WAVELENGTH : 437 NM ; DIGESTION TIME : 5 MIN 
STANDING TIME: 15 MIN 
REFERENCE : REAGENT BLANK 
3.8 Effect of volume of aqueous phase 
The volume of the aqueous phase was varied between 50 and 2000 ml 
while other factors were kept constant. The result is shown in Fig.? 
The volume of the aqueous phase clearly did not affect the absorbance. 
For large volumes, allowance must be made by shaking for a longer time 
and using a larger volume of reagent solution. For the further study, 
8.0 ml of 0.2% DDTC solution were taken, and the mixed solution was 
shaken for 20 min. 
3.9 Choice of solvent 
Various organic solvents were tested to dissolve the mixture of the 
copper complex and naphthalene. The complex is soluble in many organic 
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solvents such as benzene, toluene, xylene, chlorobenzene, o-dichloro-
benzene, ethylene dichloride, chloroform, acetonitrile, propylene carbo-
nate. The complex in dioxane was decolored after several minutes. 
3.10 Calibration curve 
Based on the optimum conditions described above, the calibration 
curve for copper determination was constructed at 437 nm against the re-
agent blank. The result is shown in Fig.S. It was linear in the range 
of 3 to 52 pg of copper in 10 ml of DMF. The molar absorptivity was 
2.5 x 104 l.mol-l.cm-l at 437 nm, the sensitivity being 0.0051 pg/cm2 of 
copper for the absorbance of 0.001. 
The mean absorbance of ten samp·les containing 25 ).lg of copper was 
0.460 with a standard deviation of 1.61 x 10-3 , or a relative standard 
deviation of 0.35%. 
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FIG. 7 EFFECT OF VOLUME OF AQUEOUS PHASE 
Cu : 25 ~G j pH : 5.2 j 0.2% DDTC : 1.0 ML 
WAVELENGTH : 437 NM ; SHAKING TIME : 30 SEC 
REFERENCE : REAGENT BLANK 
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FIG. 8 CALIBRATION CURVE FOR COPPER 
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WAVELENGTH: 437 NM ; pH : 5.2 ; 0.2% DDTC : 1.0 Ml 
DIGESTION TIME : 5 MIN ; SHAKING TIME : 30 SEC ; 
20% NAPHTHALENE-ACETONE: 2.0 ML 
REFERENCE : REAGENT BLANK 
